A convenient, efficient, and practical copper-catalyzed one-pot method for the synthesis of 1,2,4-triazoles has been developed via reactions of amidines. The procedure underwent sequential base-promoted intermolecular coupling (nucleophilic substitution) between two amidines and intramolecular aerobic oxidative dehydrogenation, and the inexpensive, convenient, and efficient method for the synthesis of 1,2,4-triazoles will attract much attention in academic and industrial research.
Nitrogen heterocycles occur widely in various natural products and biologically active molecules. 1 The 1,2,4-triazole derivatives are widely used in medicinal chemistry, materials science, and organocatalysis, and their synthesis has attracted much attention. 2 The common methods are from intramolecular cyclizations of N-acylamidorazones that are prepared via couplings of hydrazines and carboxylic acid derivatives, 3 but they often provide 1,2,4-triazoles in low yields. Therefore, it is highly desired to develop a simple and practical approach to 1,2,4-triazole derivatives. Recently, transition-metal-catalyzed aerobic oxidative formation of bonds is a focal field, 4 and some nitrogen heterocycles, such as benzimidazoles, 5 carbazoles, 6 indazoles, 7 N-methoxylactams, 8 and indolines, 9 have been prepared via the aerobic oxidative strategy, in which expensive palladium-, rhodium-, and rutheniumbased catalysts are often necessary. During the past few years, there have been excellent progress in copper-catalyzed cross-couplings with inexpensive and low toxic copper-catalysts, and wide application with good functional tolerance has been explored. 10, 11 Recently, several efficient copper-catalyzed aerobic oxidative methods for the synthesis of nitrogen heterocycles have been developed by us 12 and other groups. 13 Nagasawa and coworkers have developed an efficient copper-catalyzed synthesis of 1,2,4-triazole derivatives via coupling of amidines with nitriles. 14 Herein, we report a novel, convenient, and efficient copper-catalyzed one-pot synthesis of 1,2,4-tri-azoles via sequential coupling and aerobic oxidative dehydrogenation of amidines. Reaction of benzamidine hydrochloride (1a) with cyclopropanecarboxamidine hydrochloride (1i) was used as the model to optimize reaction conditions including the catalysts, bases, solvents, temperature, and reaction time. As shown in Table 1 , the copper-catalyzed one-pot synthesis of 3-cyclopropyl-5-phenyl-1H-1,2,4-triazole (2i) underwent sequential two-step procedures: intermolecular coupling (nucleophilic substitution) between two amidines and intramolecular aerobic oxidative dehydrogenation. The first-step coupling was performed at 120 °C for 24 hours under N 2 atmosphere, and the second step, the intramolecular formation of the N-N bond, was carried out at 120 °C for 24 hours under O 2 . In order to prevent homogeneous coupling of benzamidine hydrochloride (1a; we found that aromatic amidines easily self-coupled), 1a was added (3 × 0.25 mmol) every eight hours. Seven copper catalysts (0.1 equiv) were screened by using two equivalents of Cs 2 CO 3 as the base (relative to amount of 1i), and DMSO as the solvent ( With the optimum reaction conditions in hand, the scope of the copper-catalyzed one-pot synthesis of 1,2,4-triazoles was investigated. As shown in Table 2 , the examined substrates provided moderate to good yields. Aromatic amidines self-coupled to give homogeneous products ( Table 2 , entries 1-5). Heterogeneous reactions of aromatic amidines with aliphatic amidines were also performed well (Table 2 , entries 6-19), but aromatic amidines were required to add to the system (3×) by the ratio (2:1:1) every eight hours in order to prevent self-reaction of the aromatic amidines. In the copper-catalyzed reaction, no ligand or additive was needed. The reactions could tolerate some functional groups including C-Cl bond ( Table 2 , entries 3, 14-16), nitro ( Table 2, entry 4) , and N-heterocycle (Table 2, entries 5, 17-19) in the substrates. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
We explored the reaction mechanism for the synthesis of 1,2,4-triazoles. As shown in Scheme 1, treatment of 4methylbenzamidine hydrochloride (1b) was first carried out in the presence of Cs 2 CO 3 in DMSO under N 2 (no addition of Cu powder), and N-[amino(m-tolyl)methylene]-4-methylbenzamidine (I-2) was obtained in 44% yield (I-2 was purified by recrystallization which led to the loss of some product because of its high polarity, Scheme 1, i).
The synthesized N-[amino(m-tolyl)methylene]-4-methylbenzamidine was treated in the presence of Cu powder under O 2 , and the target product 2b was provided in 68% yield (Scheme 1, ii). Therefore, a possible mechanism for the synthesis of 1,2,4-triazoles is proposed in Scheme 2. Amidine hydrochlorides transformed into free amidines in the presence of base (Cs 2 CO 3 ), and intermolecular nucleophilic attack of amino in one amidine to carbon in another one leads to intermediate I. Treatment of I with copper in the presence of O 2 provides Cu(III) complex II (the similar metal complexes have been reported in the previous literature 15 ), and reductive elimination of II affords the target product (2) 14 leaving Cu(I) complex III. Further, reaction of III with I regenerates II, and the target product 2 16 continuously is provided in the catalytic cycle.
In summary, we have developed a convenient, efficient, and practical copper-catalyzed one-pot method for the synthesis of 1,2,4-triazoles. The protocol uses readily available substituted amidines as the starting materials, inexpensive Cu powder as the catalyst, and economical and environment friendly oxygen as the oxidant, and the corresponding 1,2,4-triazoles were obtained in moderate to good yields. The procedure underwent sequential basepromoted intermolecular coupling (nucleophilic substitution) between two amidines and intramolecular aerobic oxidative dehydrogenation, and the inexpensive, convenient, and efficient method for the synthesis of 1,2,4-triazoles will attract much attention in academic and industrial researches because of the wide application of these compounds in various fields.
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NH 2 NH N A 10 mL Schlenk tube was charged with a magnetic stirrer and DMSO (1.5 mL). For entries 1-5 in Table 2 , aromatic amidine (1 mmol), Cu powder (0.1 mmol, 6.4 mg), and Cs 2 CO 3 (2 mmol, 489 mg) were added to the tube. The mixture was stirred at 120 °C for 24 h under nitrogen atmosphere, and then the nitrogen atmosphere was changed into oxygen atmosphere (other conditions were kept). The following aerobic oxidative intramolecular formation of N-N bond was carried out at 120 °C for 48 h. The resulting mixture was cooled to r.t. and filtered, and the solid was washed with EtOAc (3 × 3 mL). The combined filtrate was concentrated by a rotary evaporator, and the residue was purified by column chromatography on silica gel using PE-EtOAc as eluent to give the desired target product. For entries 6-19 in Table 2 , aromatic amidine (1.0 mmol), 
